vol/vol. The cobalt-molybdenum-alumina catalysts were used.
This research was undertaken to elucidate the kinetics and reaction of Khafji residue hydrodesulfurization. The present paper describes the work, in which a rate equation that takes the scale effect of the reactor geometry into consideration will be proposed. 
Reaction Rate
Hydrodesulfurization activity of catalyst decreased rapidly in the first 50 hours and became constant there-after. The reaction rate for hydrodesulfurization of Khafji residue was determined in a wide range of operating conditions.
As shown in Fig. 2 , a linear relation between C/(1-C) and 1/LHSV was obtained, thus: The results are shown in Table 2 and Fig. 7 , where it is seen that the rate constant increases with increasing the height of catalyst bed and the linear velocity of the feed stock. The reaction rate for hydrodesulfurization of Khafji residue was expressed as the second order with respect to sulfur concentration both in the small and the large reactors as shown in Fig. 8 . The rate constant of the reaction in Volume 13, No. 2, November the large reactor was about 66% higher than that in the small reactor under same condition. The discrepancy in the rate constant between those two reactor geometries is due to the error in estimation as calculated by the equation (1) in which the reaction rate is assumed being independent of the residence time of feed stock when the reactor geometry is varied.
The residence time is expressed to relate the hold-up and the linear velocity of the feed stock as shown in the following equation. where,
The equation (4) is obtained from the equation (1) and (2) Table  3 . The reaction rate of the hydrodesulfurization of Khafji residue, as expressed by equation (1), was estimated apparently to be the second order with respect to the sulfur concentration of the residue under constant pressure. Such a behaviour may be explained to be due to the parallel reactions of different sulfur compounds being the first order with respect to the sulfur concentration and this explanation is similar to that given by H. Beuther.
The rate constant expressed by the equation (1) is affected by factors representing the difference of reactor geometry as shown in Fig. 8  (A) .
The rate constant expressed by the equation (4) , expressing the reaction rate as the function of residence time instead of LHSV function, however, is not affected by the difference between those two reactor geometries as shown in Fig. 8 (B) . The equation (4) appears to explain change of residence time due to the difference between those two reactor geometries in the hydrodesulfurization of Khafji residue.
The equation (4) the following equation (5) , and further by equation (6) .
where, a: constant, The equation (7) is obtained from equation of (4) and (6) where 
Diffusion Effect
The diffusion effects may be important in the reaction kinetics. Three types of diffusion are considered: transfer of hydrogen into a liquid phase or transfer of products to a gas phase across a gas-liquid interface (Dl); transfer of hydrogen and reactants from the liquid phase to the catalyst or transfer of products from the catalyst to the liquid phase (D,); and diffusion of hydrogen, reactants, or products within pores of the catalyst (D3).
As shown in Fig. 4 , it was found that the rate constant increased rapidly with increase of H2/oil volume ratio in the range up to 500 vol/vol and slowly in the range of 500vol/vol to 1,800vol/vol. On the other hand, H2/oil volume ratio is independent on the hold-up of liquid as shown in Fig. 10 . Hence, to increase the H2/oil volume ratio will be to increase the amount of mass transfer (Dl) of hydrogen or products and further to increase the rate constant. However, in the range of H2/oil volume ratio above 500vol/vol, this effect becomes insignificant.
The surface reaction appears to be the rate determining step, because the activation energy mol, and rather high. Accordingly, the retardation of reaction rate by diffusion of transfer (D1) or transfer (D2) would not occur.
In certain conditions such as at high reaction temperature and long residence time, the reaction rate may be controlled by the diffusion within the pores of the catalyst. The experiment with the cylindrical catalyst using the large reactor showed that the activation energy low at the high temperature.
This supports the assumption.
For 
